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Abstract

Purpose

To understand the characteristics of a minority of Australian gay and bisexual men (GBM)

who, despite an increase in the number and availability of HIV risk reduction strategies, do

not consistently use a strategy to protect themselves from HIV.

Methods

This analysis is based on data from 2,920 participants in a national, online, prospective

observational cohort study. GBM who never or rarely used HIV risk reduction strategies

(NRR) were compared with two groups using multivariate logistic regression: i) GBM using

pre-exposure prophylaxis (PrEP) and ii) GBM frequently using risk reduction strategies

(FRR) other than PrEP.

Results

Compared to PrEP users, NRR men were younger (p<0.0001), less socially engaged with

gay men (p<0.0001) and less likely to have completed a postgraduate (p<0.05) or under-

graduate degree (p<0.05). They were also less likely to have recently used amyl nitrite

(p<0.05), erectile dysfunction medication (p<0.05) and cocaine (p<0.05) in the previous 6

months. Compared with FRR men, NRR men were less likely to have completed a postgrad-

uate (p<0.0001) or undergraduate degree (p<0.05), scored higher on the sexual sensation-

seeking scale (p<0.0001) and were more likely to identify as versatile (p<0.05), a bottom

(p<0.05) or very much a bottom (p<0.05) during anal sex.
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Conclusions

NRR men were largely similar to other Australian GBM. However, our analysis suggests it

may be appropriate to focus HIV prevention interventions on younger, less socially engaged

and less educated GBM, as well as men who prefer receptive anal intercourse to promote

the use of effective HIV risk reduction strategies.

Introduction

Sex between men remains the most common way that HIV is transmitted in Australia [1]. In

2017, 70.1% of the 1013 new diagnoses of HIV in Australia were attributed to sex between

men [1]. There are a range of strategies to prevent HIV, including condoms, the use of antire-

troviral drugs as biomedical prevention, and behavioural risk reduction (such as serosorting

and strategic positioning). These strategies differ in their effectiveness [2–5] as well as the

length of time over which they have been used by or available to gay and bisexual men (GBM)

in Australia.

Data from national behavioural surveillance surveys of Australian GBM in 2013 indicated

that most men (98.7%) frequently use at least one strategy to prevent HIV when having anal

sex with casual partners [6]. This research was conducted before the widespread promotion of

use of undetectable viral load prior to sex or HIV treatment as prevention (TasP), and access

to PrEP. In this research, HIV-negative men who had condomless anal intercourse with casual

partners most commonly used serosorting (46.9%) followed by condoms (40.5%) [6]. HIV-

positive men in Australia most commonly used TasP (58.4%) followed by serosorting (55.4%)

[6].

Recent Australian national and state HIV strategies and community-based education cam-

paigns have encouraged the use of effective HIV risk reduction strategies (condoms, PrEP, and

TasP) while also reinforcing the importance of communication between partners [7–9]. These

strategies and campaigns mirror the understandings of risk and acceptable prevention strate-

gies among GBM [10–11]. They have supported the awareness, acceptability and access to

effective HIV risk reduction strategies in Australia.

Effective antiretroviral treatment (ART) for HIV has been available since the mid-1990s

and early initiation to achieve viral suppression is highly effective in preventing transmission

[5]. Recent data indicated that HIV treatment uptake and viral suppression are high among

HIV-positive Australian GBM [12]. The use of antiretroviral medications for prevention (pre-

exposure prophylaxis, PrEP) by HIV-negative people has also been shown to be highly effective

[13]. First available to GBM in Australia through personal importation (pre-2014), then large

research trials (2014–2018) [14–15], PrEP is now widely available and publicly subsidized [16].

Condoms have been the main preventative tool for HIV transmission for GBM since the

beginning of the HIV epidemic [17]. Serosorting, restricting sex to partners believed to be the

same HIV status, has also been widely used by GBM [17]. Strategic positioning is another strat-

egy which involves partners taking the insertive or receptive position during condomless anal

intercourse, depending on the HIV status of one’s partner [18]. This strategy is based on the

understanding that HIV negative men are less likely to acquire HIV when taking the insertive

rather than the receptive position during condomless anal intercourse with an HIV positive

man [19]. Receptive condomless anal intercourse is the main route of HIV infection among

GBM [19].
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Despite a range of effective prevention tools, many GBM recently diagnosed with HIV

report receptive condomless anal intercourse with another man prior to their diagnosis, and

limited evidence of risk reduction [20]. Inconsistent or infrequent use of HIV risk reduction

increases the chance that GBM may have condomless anal intercourse with someone with

undiagnosed HIV infection, a key driver of new HIV infections in Australia [21].

In national behavioural surveillance surveys, GBM have been found to use condoms consis-

tently at higher rates than their heterosexual counterparts [12]. Consistent condom use has,

however, fallen from 46% in 2013 to 31% in 2017 among GBM having anal intercourse with

casual partners in Sydney and Melbourne [22]. This fall has occurred in the context of increas-

ing PrEP uptake nationally among GBM having anal intercourse with casual partners (1% in

2015 to 16% in 2017) [23]. While confidence in the capacity to discuss condoms with partners

remains high, particularly among HIV negative GBM (66.3%), few HIV negative GBM (6.8%)

report having positive experiences using condoms [24].

Drug use has been shown to impact HIV sexual risk and vice versa [25]. However, research

into GBM using methamphetamine and erectile dysfunction medications in Australia has

indicated increasing concurrent PrEP use [26]. Drug use and the contexts and cultures in

which it occurs should also be considered when attempting to support GBM adopt HIV risk

reduction strategies.

In the context of increasing access to, and use of, PrEP, growing prevention optimism may

contribute to GBM being increasingly inclined to forego condom use [27]. Prevention opti-

mism is the reduction in the use of HIV prevention strategies (such as condoms) due to the

belief that other people in a sexual network are using effective strategies (such as PrEP or

TasP). In 2017, nearly a quarter of Australian GBM (23%) were found to be less concerned

about HIV and believed that condomless anal intercourse was safer because other people were

using PrEP, even though they were not using PrEP themselves [28].

Despite advances in HIV prevention, some GBM appear to remain “unprotected” and at

risk of HIV, as they do not appear to consistently use any HIV risk reduction strategy. Under-

standing the characteristics and practices of these GBM may help inform targeted HIV preven-

tion campaigns to increase the effectiveness and coverage of HIV prevention. For a

comprehensive HIV prevention response factors at the individual, interpersonal, community,

institutional and structural levels should be understood and addressed [29]. Using data from a

large cohort study of Australian GBM, we analysed the characteristics of GBM who engaged in

condomless anal intercourse and did not consistently practice HIV risk reduction in compari-

son to GBM who frequently used one or more risk reduction strategies.

Methods

This analysis is based on data from the Following Lives Undergoing Change (Flux) study,

which is a national online prospective observational study of drug use among GBM in Austra-

lia. The study protocol has been described in detail elsewhere [30]. In summary, recruitment

into the study occurred from 2014 onwards via key gay community social media, websites, sex-

ual networking websites and mobile phone applications. Online questionnaires were com-

pleted at baseline and then repeatedly at six-month intervals. Participant consent was obtained

online at the start of the questionnaire. Compensation was not provided for participation. All

procedures performed in this study were in accordance with the National Statement on Ethical

Conduct in Human Research (National Health and Medical Research Council, Australia) and

with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.

Ethical approval for this study was provided by the Human Research Ethics Committee of

UNSW Sydney (reference number: HC14075).
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Participants

Participants were eligible to participate in this study if they identified as male, identified as gay

or bisexual or reported having sex with another man in the previous year, lived in Australia

and were at least sixteen years of age. A total of 2,920 participants from across Australia

enrolled into the study between 2014 and 2017 and fulfilled the minimum data requirements

for the online questionnaire.

Measures

The demographic items included age, education, employment status, sexual orientation, coun-

try of birth and ethnicity. All the demographic variables were used as they appear in Table 1,

except for ethnicity where responses were merged into either Anglo-Australian or other back-

ground. Age was operationalised as a continuous variable, and education, employment status,

country of birth and sexual orientation as categorical variables. Participants self-reported their

HIV status with HIV positive GBM also reporting whether they were taking anti-retroviral

treatment. PrEP use or non-use was reported by HIV negative and status unknown GBM.

Three types of sexual partners were described and assessed: boyfriends (regular partner with

an ongoing, usually romantic, relationship), ‘fuckbuddies’ (regular partners with whom one is not

in a committed relationship), and casual partners (all other non-regular partners) [31]. Sexual

behaviour in the previous 6 months was reported. GBM reported if they ‘never’, ‘occasionally’, or

‘often’ engaged in specific anal sex practices and positioning with each partner type (insertive,

receptive), condom use, and whether they ejaculated during condomless anal intercourse. Drug

use and frequency of use were also measured. The list of drugs measured can be found in Table 1.

Participants were asked if they used the drugs at the following frequencies: never, over 6 months

ago, in the past 6 months, monthly, and weekly. For the analysis, ‘never’ and ‘over 6 months ago’

were merged, as were ‘monthly’ and ‘weekly’ use, resulting in three categories.

Measures were selected from the survey based on the literature identifying relationships

between GBM’s sexual behavior, HIV risk, and use of HIV prevention practices [32–33]. Social

engagement with gay men was assessed using a scale created from two items (the proportion

of friends who are gay men, and amount of free time spent with gay men), higher scores indi-

cated greater social engagement [32]. The proportion of gay friends was scored from ‘none’ (0)

to ‘all’ (4). The amount of free time spent with gay men was scored from ‘none’ (0) to ‘a lot’

(3). These items were added together to create the social engagement measure (scored from 0

to 7). The Kalichman and Rompa measure of sexual sensation-seeking was also included [33].

A five-point scale was used to measure the degree to which participants identified with being a

top or a bottom during anal sex, from “very much a bottom” (1) to “very much a top” (5).

Considering that multi-level approaches are needed to develop effective HIV prevention

responses, the measures selected in this analysis range from the individual, interpersonal and

community levels of the modified social ecological model [29,34]. Factors at the public policy

level are also considered and discussed in this paper.

Analysis

This analysis used baseline data and was conducted using STATA, version 14, software. The

category of “men who never or rarely used HIV risk reduction strategies” (NRR men) was con-

structed according to the following criteria (Fig 1). HIV-negative men not using PrEP were

included in the NRR group if they had frequently engaged in receptive condomless anal inter-

course with ejaculation with casual partners, fuckbuddies, or boyfriends who were either HIV-

positive and not on treatment, or of unknown HIV status. HIV-positive men who were not on

ART were included in the NRR group if they had engaged in insertive condomless anal
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Table 1. Participant characteristics of GBM in the FLUX cohort 2014–2017.

Variable Total

(n = 2920)

Frequent Risk Reduction (FRR)

(n = 2252)

No Risk Reduction (NRR)

(n = 253)

PrEP users

(n = 415)

Mean Age (S.D.) 35.4 (13.0) 34.7 (12.9) 32.4 (13.3) 41.2 (11.8)

Education Level 970 (43.2%)

Less than university 1,264 (43.3%) 714 (31.8%) 151 (59.7%) 143 (34.5%)

Undergrad completed 915 (31.3%) 562 (25.0%) 62 (24.5%) 139 (33.5%)

Postgrad completed 735 (25.17%) 40 (15.8%) 133 (32.0%)

Did not answer 6 (0.2%)

Ethnicity/Cultural Background 1,637 (73.0%) 179 (71.6%)

Anglo-Australian 2,108 (72.2%) 604 (27.0%) 71 (28.4%) 292 (70.4%)

Other backgrounds 798 (27.3%) 123 (29.6%)

Did not answer 14 (0.5%)

Sexual Orientation

Gay/Homosexual 2,609 (89.4%) 1,994 (88.5%) 224 (88.5%) 391 (94.2%)

Bisexual 250 (8.6%) 210 (9.3%) 24 (9.5%) 16 (3.9%)

Heterosexual 4 (0.1%) 2 (0.1%) 2 (0.8%) 0 (0%)

Other 57 (2.0%) 46 (2.0%) 3 (1.2%) 8 (1.9%)

Sexual Sensation Seeking Scale–Mean Score (S.D.) 30.0 (6.3) 29.1 (6.2) 32.4 (6.3) 32.7(5.6)

Gay Social Engagement Scale–Mean Score (S.D.) 3.6 (1.6) 3.5 (1.6) 3.4 (1.6) 4.5 (1.5)

Drug use (monthly or more frequently)

Amyl nitrite 616 (21.1%) 368 (16.3%) 64 (25.3%) 184 (44.3%)

Cocaine 69 (2.4%) 48 (2.1%) 1 (0.4%) 20 (4.8%)

EDM 395 (13.5%) 231 (10.3%) 30 (11.9%) 134 (32.3%)

GHB 87 (3.0%) 39 (1.7%) 8 (3.2%) 40 (9.7%)

Crystal Methamphetamine 171 (5.9%) 107 (4.8%) 17 (6.7%) 47 (11.3%)

HIV Status

HIV-positive 196 (6.7%) 190 (8.4%) 6 (2.4%) 0 (0%)

HIV-negative 2295 (78.6%) 1727 (76.7%) 161 (63.6%) 407 (98.1%)

Do not know/unsure 429 (14.7%) 335 (14.9%) 86 (34.0%) 8 (1.9%)

HIV Testing (Ever tested)

Never tested 391 (13.4%) 312 (13.9%) 77 (30.4%) 2 (0.5%)

Yes 2,517 (86.2%) 1929 (85.7%) 175 (69.2%) 413 (99.5%)

Did not answer 12 (0.4%)

Top versus Bottom Identity 5 (2.0%)

Very much a top 137 (4.7%) 11 (0.5%) 32 (12.7%) 21 (5.1%)

Top 530 (18.2%) 426 (18.9%) 114 (45.4%) 72 (17.3%)

Versatile 1,366 (46.8%) 1,056 (46.9%) 75 (29.9%) 196 (47.2%)

Bottom 703 (24.1%) 532 (23.6%) 25 (10.0%) 96 (23.1%)

Very much a bottom 175 (6.0%) 120 (5.3%) 30 (7.2%)

Did not answer 9 (0.3%)

Sex with CASUAL partners (among HIV negative)

(Last 6 months) 590 (20.8%) 529 (24.3%)

Condoms only 345 (12.1%) 29 (1.3%) 22 (8.7%) 39 (9.4%)

PrEP 167 (5.9%) 163 (7.5%) 0 (0%) 316 (76.1%)

Insertive condomless—no PrEP 130 (4.6%) 107 (4.9%) 4 (1.6%) 0 (0%)

Receptive condomless withdrawal—no PrEP 232 (8.2%) 156 (7.2%) 23 (9.1%) 0 (0%)

Receptive condomless ejaculation–no PrEP 76 (30.0%) 0 (0%)

Sex with CASUAL partners (among HIV positive)

(Continued)
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intercourse with ejaculation with casual partners, fuckbuddies, or boyfriends who were HIV-

negative or of unknown HIV status. Men of unknown HIV status were included in the NRR

group if they had engaged in any insertive or receptive condomless anal intercourse with ejac-

ulation with any partner type.

NRR men were compared with two groups: 1) men who reported using PrEP and 2) men

who reported the frequent use of risk reduction strategies other than PrEP (known hereafter as

FRR men). The use of each strategy (condoms, strategic positioning, withdrawal, TasP) was

measured from ‘none (1)’ to ‘always (5)’ on a 5-point scale. GBM who reported often or always

using a strategy were classified as frequently using it. The strategy most commonly used by this

group was condoms for anal intercourse.

Table 1. (Continued)

Variable Total

(n = 2920)

Frequent Risk Reduction (FRR)

(n = 2252)

No Risk Reduction (NRR)

(n = 253)

PrEP users

(n = 415)

(Last 6 months) 23 (0.8%) 23 (1.1%)

Condoms only 42 (1.5%) 42 (1.9%) 0 (0%) 0 (0%)

Undetectable and treated 65 (2.3%) 65 (3.0%) 0 (0%) 0 (0%)

Receptive condomless only–no ARV 3 (0.1%) 2 (0.1%) 0 (0%) 0 (0%)

Insertive comdomless withdrawal–no ARV 8 (0.3%) 8 (0.4%) 1 (0.4%) 0 (0%)

Insertive condomless ejaculation–no ARV 5 (2.0%) 0 (0%)

Sex with CASUAL partners (among HIV

unknown)

(Last 6 months) 81 (2.9%) (
Condoms only 23 (0.8%) 72 (3.3%) 8 (3.2%) 1 (0.2%)

Insertive condomless—no PrEP 23 (0.8%) 14 (0.6%) 7 (2.8%) 2 (0.5%)

Receptive condomless withdrawal—no PrEP 55 (1.9%) 19 (0.9%) 4 (1.6%) 0 (0%)

Receptive condomless ejaculation–no PrEP 25 (1.1%) 26 (10.3%) 4 (1.0%)

Sex with FUCKBUDDY partners (among HIV

negative)

(Last 6 months) 266 (9.4%) 245 (11.3%)

Condoms only 264 (9.3%) 25 (1.1%) 7 (2.8%) 14 (3.4%)

PrEP 123 (4.3%) 119 (5.5%) 0 (0%) 239 57.6%

Insertive condomless—no PrEP 108 (3.8%) 86 (4.0%) 4 (1.6%) 0 (0%)

Receptive condomless withdrawal—no PrEP 206 (7.3%) 126 (5.8%) 22 (8.7%) 0 (0%)

Receptive condomless ejaculation–no PrEP 80 (31.6%) 0 (0%)

Sex with FUCKBUDDY partners (among HIV

positive)

(Last 6 months) 8 (0.3%)

Condoms only 26 (0.9%) 8 (0.4%) 0 (0%) 0 (0%)

Undetectable and treated 41 (1.4%) 26 (1.2%) 0 (0%) 0 (0%)

Receptive condomless only–no ARV 1 (0.0%) 41 (1.9%) 0 (0%) 0 (0%)

Insertive comdomless withdrawal–no ARV 3 (0.1%) 0 (0%) 1 (0.4%) 0 (0%)

Insertive condomless ejaculation–no ARV 1 (0.0%) 2 (0.8%) 0 (0%)

Sex with FUCKBUDDY partners (among HIV

unknown)

(Last 6 months) 35 (1.6%)

Condoms only 39 (1.4%) 9 (0.4%) 3 (1.2%) 1 (0.2%)

Insertive condomless—no PrEP 20 (0.7%) 11 (0.5%) 10 (4.0%) 1 (0.2%)

Receptive condomless withdrawal—no PrEP 20 (0.7%) 11 (0.5%) 8 (3.2%) 1 (0.2%)

Receptive condomless ejaculation–no PrEP 30 (1.1%) 15 (5.9%) 4 (1.0%)

https://doi.org/10.1371/journal.pone.0233922.t001
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Categorical variables were analyzed using Pearson’s chi-square test and t-tests for continu-

ous variables. We used Type I error of 5% for these analyses. To assess statistical associations

with having used little to no risk reduction strategies, we used logistic regression models. Items

in our bivariate analyses included: age, education, ethnicity, sexual orientation, sexual sensa-

tion seeking, gay social engagement, use of amyl nitrite, gamma-hydroxybutyrate (GHB),

cocaine, crystal methamphetamine or erectile dysfunction medication (EDM) in the previous

six months, and preference for the top (insertive) or bottom (receptive) position during anal

sex. Associations with a p-value of less than 0.05 in bivariate analyses were included in the

multivariate analyses. We then calculated adjusted odds ratios (AOR) and 95% confidence

intervals (CI).

Results

Sample demographics

Participant characteristics are shown in Table 1. The mean age of the 2,920 men in this sample

was 35 years (S.D. 13.0). The majority (72%) identified as Anglo-Australian and had a univer-

sity degree (57%). Most men (n = 2,609, 89%) identified as gay or homosexual, 250 men identi-

fied as bisexual (9%) and a smaller proportion of men identified otherwise (n = 57, 2%). There

were 31 men who identified as transgender in the sample. One in seven men (n = 429, 15%)

had not been tested for HIV or did not know their HIV status, 196 men (7%) reported being

HIV-positive and 2,295 (79%) reported that they were HIV-negative. Overall, there were 2,252

FRR men (77%), 415 men on PrEP (14%) and 253 NRR men (9%). Only 86 men with

unknown HIV status (3% of the entire sample) and 6 HIV-positive men (0.2% of the entire

sample) were in the NRR category; most were HIV-negative men.

NRR versus men on PrEP

NRR men were similar to PrEP users in terms of ethnicity, sexual orientation, use of GHB or

crystal methamphetamine, and preferred position in anal sex (Table 2). In the multivariate

analysis, NRR men were younger than men on PrEP (aOR = 0.96; 95% CI: 0.95 to 0.98;

p<0.0001), less socially engaged with gay men (aOR = 0.75; 95% CI: 0.66 to 0.84; p<0.0001)

Fig 1. Definition of No Risk Reduction (NRR) men. The category of men who never or rarely used HIV risk reduction strategies

(NRR men).

https://doi.org/10.1371/journal.pone.0233922.g001
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Table 2. Logistic regression analysis of No Risk Reduction (NRR) GBM versus PrEP users.

NRR (n = 253) PrEP (n = 415) Bivariate OR (95% CI) Multivariate AOR (95% CI)

Age (M, SD) 32.4 (13.3) 41.2 (11.8) 0.94 (0.93 to 0.96)��� 0.96 (0.95 to 0.98)���

Education (M, SD)

Less than undergraduate 151 (59.7%) 143 (34.5%) 1.00 1.00

Undergraduate 62 (24.5%) 139 (33.5%) 0.42 (0.29 to 0.62)��� 0.51 (0.34 to 0.78)�

Postgraduate 40 (15.8%) 133 (32.0%) 0.28 (0.19 to 0.43)��� 0.47 (0.29 to 0.76)�

Ethnicity/Cultural

Background 71 (28.4%)

Other Background 179 (71.6%) 123 (29.6%) 1.00

Anglo-Australian 292 (70.4%) 1.06 (0.75 to 1.50)

Sexual orientation

Gay 224 (88.5%) 391 (94.2%) 1.00 1.00

Bisexual / Other 29 (11.5%) 24 (5.8%) 2.11 (1.20 to 3.71)� 1.49 (0.72 to 3.12)

Sexual Sensation

Seeking (M, SD) 32.4 (6.3) 32.7 (5.6) 0.99 (0.96 to 1.02)

Gay social

engagement (M, SD) 3.4 (1.6) 4.4 (1.5) 0.66 (0.59 to 0.73)��� 0.75 (0.66 to 0.84)���

Amyl nitrite use

Never used & over 6M 147 (58.1%) 142 (34.2%) 1.00 1.00

Past 6 Months 42 (16.6%) 89 (21.4%) 0.46 (0.30 to 0.70)��� 0.60 (0.36 to 0.99)�

Weekly/Monthly 64 (25.3%) 184 (44.3%) 0.34 (0.23 to 0.48)��� 0.63 (0.41 to 0.96)�

Cocaine use

Never used & over 6M 224 (88.5%) 299 (72.0%) 1.00 1.00

Past 6 Months 28 (11.1%) 96 (23.1%) 0.39 (0.25 to 0.61)��� 0.52 (0.31 to 0.87)�

Weekly/Monthly 1 (0.4%) 20 (4.8%) 0.07 (0.01 to 0.50)� 0.11 (0.01 to 0.85)�

EDM use

Never used & over 6M 195 (77.1%) 188 (45.3%) 1.00 1.00

Past 6 Months 28 (11.1%) 93 (22.4%) 0.29 (0.18 to 0.46)��� 0.55 (0.33 to 0.92)�

Weekly/Monthly 30 (11.9%) 134 (32.3%) 0.22 (0.14 to 0.34)��� 0.53 (0.31 to 0.89)�

GHB use

Never used & over 6M 233 (92.1%) 322 (77.6%) 1.00 1.00

Past 6 Months 12 (4.7%) 53 (12.8%) 0.31 (0.16 to 0.60)��� 0.62 (0.25 to 1.50)

Weekly/Monthly 8 (3.2%) 40 (9.6%) 0.28 (0.13 to 0.60)�� 0.82 (0.29 to 2.33)

Crystal Meth use

Never used & over 6M 211 (83.4%) 318 (76.6%) 1.00

Past 6 Months 25 (9.9%) 50 (12.0%) 0.75 (0.45 to 1.26)

Weekly/Monthly 17 (6.7%) 47 (11.3%) 0.55 (0.30 to 0.97)

Top versus Bottom

Identity 5 (2.0%) 21 (5.1%) 1.00 1.00

Very much a top 32 (12.7%) 72 (17.3%) 1.87 (0.65 to 5.39) 2.71 (0.63 to 11.64)

Top 114 (45.4%) 196 (47.2%) 2.44 (0.90 to 6.66) 3.30 (0.82 to 13.27)

Versatile 75 (29.9%) 96 (23.1%) 3.28 (1.18 to 9.12)� 4.35 (1.05 to 18.01)

Bottom 25 (10.0%) 30 (7.2%) 3.50 (1.15 to 10.6)� 2.59 (0.57 to 11.77)

Very much a bottom

�P<0.05.

��P<0.001.

���P<0.0001.

https://doi.org/10.1371/journal.pone.0233922.t002
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and were less likely to have completed a postgraduate (aOR = 0.47; 95% CI: 0.29 to 0.76;

p<0.05) or undergraduate degree (aOR = 0.51; 95% CI: 0.34 to 0.78; p<0.05). The NRR men

were less likely than PrEP users to have recently used amyl nitrite (aOR = 0.63; 95% CI: 0.41 to

0.96; p<0.05), EDM (aOR = 0.53; 95% CI: 0.31 to 0.89; p<0.05) and cocaine (aOR = 0.11; 95%

CI: 0.01 to 0.85; p<0.05).

NRR versus FRR

NRR and FRR men were similar in terms of ethnicity, sexual orientation, social engagement

with gay men and recent drug use (Table 3). In the multivariate analysis, NRR men were simi-

lar in age and less likely to have completed a postgraduate (aOR = 0.46; 95% CI: 0.31 to 0.67;

p<0.0001) or undergraduate degree (aOR = 0.59; 95% CI: 0.43 to 0.83; p<0.05) than FRR

men. NRR men scored higher on the sexual sensation-seeking scale than FRR men (aOR =

1.09; 95% CI: 1.06 to 1.12; p<0.0001) and were more likely than FRR men to identify as versa-

tile (aOR = 2.94; 95% CI: 1.05 to 8.23; p<0.05), a bottom (aOR = 3.40; 95% CI: 1.20 to 9.63;

p<0.05) or very much a bottom for anal sex (aOR = 3.73; 95% CI: 1.21 to 11.6; p<0.05).

Discussion

We found that while most Australian GBM (91%) used some form of HIV risk reduction,

nearly one in ten (9%) rarely used an HIV risk reduction strategy. There were fewer differences

between the NRR men and the FRR men (men who reported the frequent use of risk reduction

strategies other than PrEP) than between the NRR men and the men on PrEP. Whether this

reflects issues that NRR men have with condoms, the primary strategy of FRR men, requires

further exploration. Most HIV-positive men in Australia are on ART with undetectable viral

loads [22–23]. It is therefore not surprising that very few of the NRR men were HIV-positive

(2.4%).

While NRR men scored higher on sexual sensation seeking than FRR men, they did not

score higher than men who used PrEP. Therefore, the NRR men and the men who used PrEP

appeared similar both behaviorally and in terms of their sexual desires. GBM who scored

higher on the sexual sensation seeking scale tended to be more sexually adventurous and were

more likely to engage in HIV risk behavior [33,35–36]. FRR men may be less inclined to

engage in riskier sexual practices in general and may be more comfortable practicing a HIV

risk reduction strategy like condoms. PrEP could be explored as a priority strategy for uptake

among NRR men particularly when considering that NRR men scored higher on the sexual

sensation seeking scale and were more likely to identify as bottoms than FRR men. Risk reduc-

tion strategies, condoms in particular, may interfere with the sex practices preferred by NRR

men. PrEP may provide a way for these men to reduce risk without necessarily compromising

their sexual desires. By reducing anxiety regarding anal sex, PrEP may also be a more palatable

strategy for NRR men.

Levels of education among NRR men were significantly lower than both FRR men and men

on PrEP. In the US lower levels of education have been associated with lower levels of HIV

prevention knowledge [37]. The NRR men were also less socially engaged with other gay men

than the GBM using PrEP. Lower levels of social connectedness to other gay men may reduce

opportunities to hear about risk reduction strategies, including PrEP, from peers. Social net-

works have been associated with increases in PrEP uptake [28,38]. NRR men may be generally

less exposed to the diffusion of knowledge and innovation among GBM in Australia. Within

particular networks of GBM biomedical forms of HIV prevention, such as PrEP, are increas-

ingly being utilized, leading to increasing/greater normalisation in practice [26]. GBM using

PrEP were also significantly older than NRR men. Older GBM may be more confident about
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Table 3. Logistic regression analysis of No Risk Reduction (NRR) GBM versus Frequent Risk Reduction (FRR) GBM.

NRR (n = 253) FRR (n = 2,252) Bivariate OR (95% CI) Multivariate AOR (95% CI)

Age (M, SD) 32.4 (13.3) 34.7 (12.9) 0.99 (0.98 to 1.00)� 0.99 (0.98 to 1.00)

Education (M, SD) 970 (43.2%)

Less than undergrad 151 (59.7%) 714 (31.8%) 1.00 1.00

Undergraduate 62 (24.5%) 562 (25.0%) 0.56 (0.41 to 0.76)��� 0.59 (0.43 to 0.83)�

Postgraduate 40 (15.8%) 0.46 (0.32 to 0.66)��� 0.46 (0.31 to 0.67)���

Ethnicity/Cultural

Background 71 (28.4%) 604 (27.0%)

Other background 179 (71.6%) 1,637 (73.0%) 1.00

Anglo-Australian 0.93 (0.70 to 1.24)

Sexual orientation

Gay 224 (88.5%) 1,994 (88.5%) 1.00

Bisexual / Other 29 (11.5%) 258 (11.5%) 1.00 (0.67 to 1.50)

Sexual Sensation

Seeking (M, SD) 32.4 (6.3) 29.1 (6.2) 1.09 (1.07 to 1.12)��� 1.09 (1.06 to 1.12)���

Gay social

engagement (M, SD) 3.4 (1.6) 3.5 (1.6) 0.97 (0.89 to 1.05)

Amyl nitrite use

Never used & over 6M 147 (58.1%) 1,517 (67.4%) 1.00 1.00

Past 6 Months 42 (16.6%) 367 (16.3%) 1.18 (0.82 to 1.70) 0.99 (0.65 to 1.51)

Weekly/Monthly 64 (25.3%) 368 (16.3%) 1.79 (1.31 to 2.46)��� 1.30 (0.89 to 1.91)

Cocaine use

Never used & over 6M 224 (88.5%) 1,957 (86.9%) 1.00

Past 6 Months 28 (11.1%) 247 (11.0%) 0.99 (0.65 to 1.50)

Weekly/Monthly 1 (0.4%) 48 (2.1%) 0.18 (0.03 to 1.33)

EDM use

Never used & over 6M 195 (77.1%) 1,730 (76.8%) 1.00

Past 6 Months 28 (11.1%) 291 (12.9%) 0.85 (0.56 to 1.29)

Weekly/Monthly 30 (11.9%) 231 (10.3%) 1.15 (0.77 to 1.73)

GHB use

Never used & over 6M 233 (92.1%) 2,099 (93.2%) 1.00

Past 6 Months 12 (4.7%) 114 (5.1%) 0.95 (0.52 to 1.75)

Weekly/Monthly 8 (3.2%) 39 (1.7%) 1.85 (0.85 to 4.00)

Meth use

Never used & over 6M 211 (83.4%) 2,010 (89.3%) 1.00 1.00

Past 6 Months 25 (9.9%) 135 (6.0%) 1.76 (1.13 to 2.77)� 1.31 (0.64 to 2.70)

Weekly/Monthly 17 (6.7%) 107 (4.8%) 1.51 (0.89 to 2.57) 0.72 (0.37 to 1.38)

Top versus Bottom 5 (2.0%) 11 (0.5%)

Identity 32 (12.7%) 426 (19.0%) 1.00 1.00

Very much a top 114 (45.4%) 1,056 (47.0%) 1.67 (0.64 to 4.38) 2.06 (0.70 to 6.05)

Top 75 (29.9%) 532 (24.4%) 2.40 (0.96 to 5.99) 2.94 (1.05 to 8.23)�

Versatile 25 (10.0%) 120 (5.3%) 3.13 (1.24 to 7.92)� 3.40 (1.20 to 9.63)�

Bottom 4.63 (1.71 to 12.5)� 3.73 (1.21 to 11.6)�

Very much a bottom

�P<0.05.

��P<0.001.

���P<0.0001.

https://doi.org/10.1371/journal.pone.0233922.t003
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their sexuality and more connected to gay community than younger GBM [32]. In San Fran-

cisco where PrEP has been available since 2012, older GBM have also been shown to be more

likely to adopt PrEP [39].

This study has limitations. The analysis is based on self-report data. As such, the data may

be subject to desirability bias and it is possible that participants may have underreported expe-

riences of not using a risk reduction strategy. The analyses presented here were cross sectional,

using baseline data only. Future longitudinal analyses will allow us to monitor changes in the

use of HIV risk reduction strategies over time. Those types of analyses would also help to

understand the factors that may influence the uptake of strategies. Such research is needed to

better craft meaningful health promotion interventions with this population. This analysis was

unable to account for serosorting among casual partners or fuckbuddies, as this was not mea-

sured. Serosorting is likely to have been practiced by at least some of the NRR men and other

participants [6], despite it generally being viewed as an unreliable risk reduction strategy [40].

Overall the NRR men in our analysis were similar to other GBM in our sample.

This analysis demonstrates the need for further interventions with and for GBM in Austra-

lia at the individual, interpersonal and community levels [29,34]. Continuing efforts to engage

GBM who are less socially connected, those who are younger and GBM who are less educated

about their sexual health, and about PrEP and condom use specifically, are required to ensure

that equitable access to appropriate prevention technologies and information is achieved.

Health promotion work with GBM who are more sexually adventurous may also increase the

use of HIV risk reduction strategies among higher risk men. The increased availability of PrEP

in Australia, due to its recent listing on the Pharmaceutical Benefits Scheme [16], provides fur-

ther opportunity for NRR men to engage with this strategy. The mobilization of non-gay com-

munity partners, such as general practitioners, may be essential to ensure that men who are

less socially connected to other GBM have greater access to PrEP. However, PrEP can only

reduce risk in relation to HIV; the risk of other STIs is unaffected by use of PrEP alone. Having

the means to obtain PrEP and the understanding of how and why to use it are critical to its

uptake. More information about the health literacy of men who do not frequently use HIV risk

reduction should be explored. The adoption of a HIV risk reduction strategy could be part of a

broader upskilling in sexual health knowledge for this group. This should also include improv-

ing the uptake of HIV testing for this group.

Conclusion

Although most GBM use some form of HIV risk reduction, a minority of men rarely or never

use any form of risk reduction and remain at high risk of HIV infection, despite the growing

and widespread availability of PrEP. While PrEP may be an appropriate tool for NRR men, we

need to better understand why they do not use it. In our sample, younger, less educated and

less socially engaged gay men were less likely to use any risk reduction strategies. These men

may have less exposure to information about HIV risk reduction and sexual health promotion.

Efforts to engage GBM who are less socially connected to gay community are warranted to

encourage them to use an effective form of HIV risk reduction.
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